Spectral Distortions in Metal-Enhanced Fluorescence  by Karolin, Jan O. et al.
Wednesday, February 11, 2015 623a3139-Pos Board B569
Food Colors as Intrinsic Luminescent Sensors in Edible Products
Sarah M. Waxman, Ariella Kashi, Adam Karami, Meera Patel,
Maria G. Corradini, Richard Ludescher.
Rutgers University, New Brunswick, NJ, USA.
Limited use of luminescence spectroscopy in food and pharmaceutical applica-
tions can be related to two main causes: a)the inherent properties of most useful
fluorophores (low availability, toxicity, high price and restricted solubility),
and b)incomplete photophysical characterization of edible and safe-to-ingest
fluorophores.
To expand the use of luminescence spectroscopy to monitor quality and safety
of edible goods, photophysical properties of five generally-recognized-as-
safe(GRAS) food colors that are routinely added to foods or pharmaceuticals
were assessed. The sensitivity of the food dyes’ fluorescence emission intensity
to the surrounding medium’s rigidity and polarity were also determined.
Environmental polaritymoderately impacted the location of the fluorescence in-
tensity peaks and bathochromic shifts were observed for all dyes as the polarity
of the solvents increased. TheStokes shifts,(lem-lexc), were estimated to be 45-
90nm depending on the medium and molecular structure of the synthetic color.
All these food dyes were practically non emissive in common fluid solvents,
which can explain the limited information on their photophysical properties.
Excited state tautomerization and/or internal twisting, already reported in
synthetic non-edible dyes in low viscosity solutions, can also constitute the pre-
dominant non- radiative relaxation pathway of the studied food colors in fluid
environments. The medium’s rigidity was altered by changing temperature and
composition. As the viscosity and consistency index of the surrounding me-
dium increased, the dyes’ fluorescent emission intensity also increased, which
suggests the molecular rotor character of these dyes. The maximum fluores-
cence intensity of each dye vs. viscosity relationship was characterized by a
power law model and the sensitivity of each dye to changes in viscosity was
evaluated in terms of its parameters.
In principle, the large Stokes shift and sensitivity to viscosity supports the
potential use of these food colors as probes of microviscosity or molecular
crowding in edible goods.
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Probing the Internal and External Structure of Carbon Nanodots through
Fluorescence Quenching
Rachel Taylor, Jan Karolin, Chris Geddes.
UMBC Chemistry, The Institute of Fluorescence, Baltimore, MD, USA.
In past several years, there has been significant investigation into the various
synthetic routes of carbon nanodots along with their associated photophysical
properties [1-3]. Carbon nanodots are naturally fluorescing nanometer-sized
particles with interesting and unique photophysical properties, which make
them highly applicable for various applications in the life sciences [2-3]. Our
lab has been investigating these particles produced by various combustion routes
for many years, studying both the photophysical and plasmon-enhanced photo-
physical properties [1]. In order to fully understand the photophysical properties
of carbon nanodots, in this poster we have examined the both the internal and
external structure of these particles in an attempt to ascertain the origins of
the fluorescence signature/s, using a combination of differently charged ions;
which ultimately results in both static and dynamic quenching processes being
observed. Our results reveal significant vibronic structure of the nanodots’ chro-
mophore, which can readily be quenched by non-charged ions (acrylamide),
suggesting a buried fluorescent chromophore center.
[1] Y. Zhang, H. Gonc¸alves, J. C. G. Esteves Da Silva, and C. D. Geddes,
‘‘Metal-enhanced photoluminescence from carbon nanodots,’’ Chem. Com-
mun. 47, 5313-5315 (2011).
[2] S. Baker and G. Baker, ‘‘Luminescent Carbon Nanodots: Emergent Nano-
lights,’’ Angew, Chem. Int. Ed. 49, 6726-6744 (2010).
[3] H. Li, Z. Kang, Y. Liu, and S-T. Lee, ‘‘Carbon nanodots synthesis, proper-
ties and applications,’’ J. Mater. Chem, 22, 24230-24253 (2010).
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Fluorescence Studies of a Long Lifetime Fluorophore, ADOTA in Silica
and PVA Thin Films
Rahul Chib1, Sangram Raut1,2, Sunil Shah1, Beata Grobelna3,
Irina Akopova1, Ryan Rich1, Thomas Just Sørensen4, Bo W. Laursen4,
Zygmunt Gryczynski1,2, Ignacy Gryczynski1.
1Department of Cell Biology and Immunology, Center for Fluorescence
Technologies and Nanomedicine,, UNT Health Science Center, Fort Worth,
TX, USA, 2Department of Physics and Astronomy, Texas Christian
University, Fort Worth, TX, USA, 3Faculty of Chemistry, University of
Gdansk, Gdansk, Poland, 4Nano-Science Center and Department of
Chemistry, University of Copenhagen,, København, Denmark.The cationic triangulenium dye, azadioxatriangulenium (ADOTA) was entrap-
ped in silica thin films obtained by the sol-gel process and in poly (vinyl)
alcohol (PVA) thin films. ADOTA is a red emitting organic fluorophore with
a long fluorescence lifetime of ~20 ns. Silica thin films are ideal materials
for the entrapment of fluorescent molecules because they hold these molecules
in a microporous support matrix. The smaller analyte species can easily diffuse
and interact with the fluorophore. For comparison, we also incorporated
ADOTA in PVA films, which serve as a model for a more rigid and isotropic
matrix for the entrapment of fluorophores. The photophysical properties
of ADOTA in silica thin films and PVA films were studied by means of
steady–state and time resolved fluorescence techniques. At 560 nm observa-
tion, the fluorescence lifetime of the ADOTA in silica matrix is 11.84 ns
compared to 19.95 ns in the PVA film. However, when observed at 620 nm,
the fluorescence lifetimes of ADOTA entrapped in both the matrices are almost
20 ns. We have found that the ADOTA incorporated in silica thin film has a
wider lifetime distribution (Lorentzian distribution) compared to ADOTA in
PVA film. The local environment of ADOTA molecules in silica thin film is
rich in water and ethanol, which creates the possibility of forming aggregates
due to high concentration of dye within a small confined area. In contrast to
the PVA matrices, the porous silica films allow restricted rotations of ADOTA
molecules, which result in faster and complex fluorescence anisotropy decays.
These types of fluorescent hybrid materials are ideal for developing fluores-
cence based biosensors, highly luminescent materials in medicine, functional
materials in optoelectronic devices and optical components like solid state
tunable lasers.
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A Comparison of Photophysical Characteristics of rHDL Encapsulated
Anti-Cancer Drug Valrubicin and Free Valrubicin
Sunil Ajit Shah1, Rahul Chib1, Sangram Raut1,2, Jaclyn Bermudez3,
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Ignacy Gryczynski1.
1Department of Cell Biology and Immunology, Center for Fluorescence
Technologies and Nanomedicine, UNT Health Science Center, Fort Worth,
TX, USA, 2Department of Physics and Astronomy, Texas Christian
University, Fort Worth, TX, USA, 3Cell Biology and Immunology, North
Texas Eye Research Institute, UNT Health Science Center, Fort Worth, TX,
USA, 4Department of Integrative Physiology and Anatomy, UNT Health
Science Center, Fort Worth, TX, USA.
Drug delivery via nanotechnology is one of the rapidly developing fields in
cancer therapeutics. Targeted drug delivery has the advantage of having
minimal interaction with healthy tissue, thereby reducing the toxicity of the
drug to the rest of the body. rHDL nanoparticles are an efficient method of
drug delivery for highly lipophilic anti-cancer drugs. Scavenger receptors
class B type I (SR-BI), which are highly expressed on cancer cells interact
with rHDL nanoparticles for effective drug delivery to the cancer cell and
tumor. Valrubicin is an anti-cancer drug, with intrinsic fluorescence. In this
experiment, we compared the photophysical properties of free valrubicin
and rHDL valrubicin via steady state and time resolved fluorescence measure-
ments. The steady-state anisotropy of rHDL valrubicin is higher as compared
to free valrubicin, suggesting its encapsulation in rHDL nanoparticles. A
longer rotational correlation time was observed for rHDL valrubicin in time
resolved anisotropy measurements compared to free valrubicin, further
supporting steady state anisotropy data.. We also studied the cellular internal-
ization of free valrubicin and rHDL valrubicin using confocal microscopy.
This could help track the movement of rHDL nanoparticles within the cancer
cells.
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Spectral Distortions in Metal-Enhanced Fluorescence
Jan O. Karolin, Hilla Ben Hamo, Chris D. Geddes.
Institute of Fluorescence, Baltimore, MD, USA.
In recent years our laboratory and others have demonstrated many examples
and concepts in Metal-Enhanced Fluorescence1 (MEF), a surface plasmon phe-
nomenon, which amplifies both fluorescence and luminescence signatures in
the near-field, i.e. less than one wavelength of light away from a metallic ob-
ject1. In all of these examples of MEF, and for over a decade, the fluorescence
spectra has simply been reported as being enhanced, i.e. the emission is greater
from a plasmonic substrate as compared to a suitable control sample.
However, in this paper we will show that Metal-Enhanced Fluorescence from
both a variety of plasmonic substrates and using a range of different fluoro-
phores, often results in fluorophore spectral distortion2. More often than not,
the red edge of the fluorescence spectra is observed to be distorted, as compared
to the emission spectra of a fluorophore observed in the far-field and distal
from plasmonic interactions. In addition, a significant MEF effect often results
624a Wednesday, February 11, 2015in notable changes in the spectrum full width at half maximum (FWHM).
We discuss these new effects in terms of the mechanism of plasmonic
enhancement.
1Metal-Enhanced Fluorescence, Edited by Geddes, C.D., John Wiley and Sons,
New Jersey, June 2010, 625 pgs, ISBN: 978-0-470-22838-8.
2 Spectral Shifts in Metal-Enhanced Fluorescence, Karolin, J. and Geddes,
C.D., (2014), Applied Physics Letters, 105, 063102.
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Ultrasensitive Detection Allows for Singlet Oxygen Phosphorescence
Detection, an Important Prerequisite for Photodynamic Therapy
Marcelle Koenig1, Manoel Veiga1, Sebastian Tannert1, Felix Koberling1,
Volker Buschmann1, Matthias Patting1, Marcus Sackrow1, Michael Wahl1,
Rainer Erdmann1, Peter Kapusta2, Christian Wolf3, Christian Kaufmann3,
Humberto Rodriguez3.
1PicoQuant GmbH, Berlin, Germany, 2J. Heyrovsky Institute of Physical
Chemistry, Prague, Czech Republic, 3PVcomB/Helmholtz-Zentrum Berlin
fu¨r Materialien und Energie GmbH, Berlin, Germany.
Detection sensitivity from the ultraviolet to the near infrared spectral region
is a key parameter to meet today’s demand for handling smallest analyte
amounts and short measurement times in the optical evaluation of miscella-
neous samples. The introduction of single photon counting based data acqui-
sition has proven to yield a major sensitivity increase and very high dynamic
range - it is the ideal method for measuring weak luminescence.
We present the hardware and handling optimization of a state of the art spec-
trometer for steady-state and time-resolved fluorescence measurements. The
high sensitivity of the spectrometer was shown by measurements of popular
fluorescent dyes as well as the Raman spectrum of water under well defined
and reproducible conditions. The achieved sensitivity allows us to quantify
singlet oxygen generation and to characterize the singlet oxygen phosphores-
cence decay, a prerequisite when studying photosensitisers like porphyrins
and phthalocyanines used for example in photodynamic therapy (PDT). More-
over, with the help of an integrating sphere fluorescence quantum yields of low
fluorescent samples like Ru(bpy)3 in water can be determined very precisely.
The fibre connection of the spectrometer to a time-resolved fluorescence micro-
scope (MicroTime100/200) was also realized. The combination of the advan-
tages of both setups makes it e.g. possible to perform 2D-lifetime imaging
with a freely tunable detection window for low luminescent samples even far
into the near infrared region. The measurements with such a combination
give not only the spectral and lifetime information of a luminescent sample
but also the spatial information which is especially important for hetergeneous
samples.
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Accounting for Photophysical Processes and Specific Signal Intensity
Change in Fluorescence-Detected Sedimentation Velocity Analytical
Ultracentrifugation
Huaying Zhao1, Jia Ma2, Maria Ingaramo2, Eric Andrade2, Jeff MacDonald3,
Glen Ramsay3, Grzegorz Piszczek4, George Patterson2, Peter Schuck2.
1NIBIB, National Insitutes of Health, Bethesda, MD, USA, 2NIBIB, National
Institutes of Health, Bethesda, MD, USA, 3Aviv Biomedical Inc, Lakewood,
NJ, USA, 4NHLBI, National Institutes of Health, Bethesda, MD, USA.
Fluorescence detected sedimentation velocity (FDS-SV) analytical ultracen-
trifugation has emerged as a powerful technique for the study of macromo-
lecular interactions, particularly high-affinity protein interactions, with
hydrodynamic resolution exceeding that of diffusion-based techniques, and
with sufficient sensitivity for binding studies at low picomolar concentra-
tions. In order to fit the FDS data structure, in the quantitative analysis it
is essential to adjust the conventional sedimentation models for detailed
description of the sedimentation boundaries. A key consideration is the
change in the macromolecular fluorescence intensity during the course of
the experiment, caused by slow drifts of the excitation laser power, and/or
by photophysical processes. In the present work we demonstrate that FDS-
SV data have inherently a reference for the time-dependent macromolecular
signal intensity, resting on a geometric link between boundary migration and
plateau signal. We show how this new time-domain can be exploited to
study molecules exhibiting photobleaching and photoactivation. This ex-
pands the application of FDS-SV to proteins tagged with photoswitchable
fluorescent proteins, organic dyes, or nanoparticles, such as those recently
introduced for sub-diffraction microscopy. At the same time, we find con-
ventional fluorophores undergo minimal photobleaching under standard illu-
mination in the FDS. These findings support the application of a high laser
power density for the detection, which we demonstrate can further increase
the data quality.3146-Pos Board B576
Sedimentation Velocity Analysis of the EGFPs in E. coli Whole Cell
Extracts using Fluorescence Detection System
Jia Ma, Huaying Zhao, Peter Schuck.
NIBIB, NIH, Bethesda, MD, USA.
The analytical ultracentrifugation (AUC) is a classic biophysical instrument to
analyze protein interactions in solutions. A recently introduced fluorescence
detection system (FDS) improves the specificity and sensitivity of the AUC,
and offers the potential to analyze the protein interactions in biological fluids.
We explore challenges posed by the application of FDS-AUC to the study of
protein interactions in E.coli whole cell extracts, using fluorescent proteins
(EGFPs) as model system. At experimentally feasible concentrations of cell
extracts, we find no discernable effects of hydrodynamic nonideality on the
sedimentation of EGFPs. However, at high concentrations E.coliwhole cell ex-
tracts produce significant signals from auto fluorescence with complicated
quenching patterns. Goal of this work is to establish detection limits and
develop procedures to improve specificity.
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Two-Color Imaging using Spectral Variants of iRFP670 and iRFP682
Near-Infrared Fluorescent Proteins
Mikhail Baloban, Daria M. Shcherbakova, Vladislav V. Verkhusha.
Anatomy and Structural Biology and Gruss-Lipper Biophotonics Center,
Albert Einstein College of Medicine, Bronx, NY, USA.
The new class of fluorescent proteins (FPs) engineered from bacterial phyto-
chromes (BphPs) attracts much attention for in vivo imaging due to their
near-infrared (NIR) fluorescence spectra. These FPs utilize widely available
in mammalian cells biliverdin (BV), a product of heme degradation, as a chro-
mophore and, therefore, are as easy to use as common GFP-like proteins. We
recently reported five NIR FPs, called iRFPs, with different fluorescence and
biochemical properties. Interestingly, two of them, iRFP670 and iRFP682, ex-
hibited the twice higher molecular brightness, as well as the blue-shifted absor-
bance (643 nm and 663 nm) and fluorescence (670 nm and 682 nm) compared
to other iRFPs. Here we characterized the unusual properties of these NIR FPs
in detail. Our biochemical and biophysical analysis showed that iRFP670 and
iRFP682 incorporate the BV chromophore in two distinct confirmations. A sin-
gle amino acid mutation resulted in a depletion of one BV confirmations in the
protein binding pocket and, consequently, in 30 nm red-shifts of both absor-
bance and fluorescence. The point mutation also caused a slight decrease in
the molecular brightness and an increase in the pH stability of the obtained
red-shifted variants, which we named iRFP670-red and iRFP682-red. The
effective brightness of the iRFP670-red and iRFP682-red in live mammalian
cells was comparable to that of the parental proteins, suggesting that the high
efficiency and high specificity of the incorporation of endogenous BV chromo-
phore was not affected. Spectrally resolvable fluorescence of the iRFP670 and
iRFP670-red pair, as well as of the iRFP682 and iRFP682-red pair, allowed
easy separation of two cellular populations using FACS cytometry and straight-
forward two-color fluorescence microscopy of live cells, thus making them the
probes of choice for cell labeling in the NIR region.
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Tuning the Photophysical Properties of the Green Fluorescent Protein
with Unnatural Amino Acids
Gregory M. Olenginski, Christine M. Phillips-Piro, Scott H. Brewer.
Chemistry, Franklin and Marshall College, Lancaster, PA, USA.
Green fluorescent protein (GFP) is a widely utilized protein in imaging due to
its favorable optical properties. These photophysical properties have previously
been modified through site-directed mutagenesis utilizing naturally occurring
amino acids. Here, we have further modulated the photophysical properties
of GFP in a systematic fashion by the site-specific incorporation of unnatural
amino acids (UAAs) into this protein. UAAs greatly enhance the ability to
modulate the optical properties of this protein in a controlled manner. Optical
data on these new GFP constructs containing UAAs will be presented along
with initial crystallographic data relating structural changes in the protein to
changes in the optical properties.
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Fluorescent unnatural amino acids (UAAs) can be efficiently incorporated
in target proteins in vivo by expressing suppressor tRNA/aminoacyl-tRNA
